The dolphin fish, Corphaena hippurus Linnaeus, is one of the most important migratory fishes on the east coast of Taiwan. Present results are based on an investigation of 1439 specimens caught using long-line and driftnet, and set net collected monthly between September 1996 and September 1997. The sex ratio of female to male and female combined was 65%, demonstrating a female predominance. Oocytes became mature and transparent when they attained 1.0 mm in diameter. The total number of oocytes per ovary was estimated to range from 2.78 ¥ 10 5 to 23.48 ¥ 10 5 , but batch fecundity was noticeably lower than the total number of ovarian eggs, ranging 5.3-32.7% (average 30.1%), and the relative fecundity ranging 10-344/g bodyweight (mean 111/g bodyweight). Minimum body size at sexual maturity was estimated to be 51 cm for both sexes. Dolphin fish spawned throughout the year with reproductive activity peaking in February to March. It is suggested that the dolphin fish has an extended spawning season, during which it lays eggs almost continuously.
INTRODUCTION
The dolphin fish Corphaena hippurus Linnaeus is an epipelagic oceanic species inhabiting tropical, subtropical and temperate oceans worldwide, and has been the object of important recreational and commercial fisheries. 1 It is one of the major migratory fishes on the east coast of Taiwan, with annual catches of more than 10 000 metric tons (valued at NT$500 million or about US$16 million). Catches on the east coast of Taiwan accounted for 82% of total production from the entire Taiwan area. 2 Some aspects of the biology of the dolphin fish have been studied extensively to date. These include Soichi, 3 Palko et al., 1 and Massutí and Morales-Nin 4 on biology and reproductive behavior; Szyper et al. 5 and Uchiyama and Burch 6 on age and growth; and Rose and Hassler 7 on feeding habits and sex ratio. Their studies have enabled Hagood et al. 8 and Kraul 9 to consider the possibility of aquaculturing the dolphin fish.
In Taiwan, very little research has been done on the reproductive biology of the dolphin fish. However, other studies, including aspects of fishery and catch statistics [10] [11] [12] have been preliminarily documented.
The objectives of the present paper are to further the study of dolphin fish reproduction. For this purpose the reproductive cycle, fecundity, length at first maturity and sex ratio were analyzed based on materials collected between September 1996 and September 1997.
The available data provides indirect evidence for understanding population dynamics which, in turn, helps to build up a database required for the resource management of the population.
MATERIALS AND METHODS
A total of 1439 specimens (942 females and 497 males) were collected monthly between September 1996 and September 1997 (Table 1) . Specimens were caught predominantly using long-line, but occasionally using drift nets and set nets, on the coast between Taitung and Chengkung (Fig. 1 The present paper considers 'mature' females to be those who have oocytes larger than 1.0 mm in diameter, and 'mature' males to have swelled testes from which sperm oozes when pressed after removal.
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RESULTS
Sex ratio
As shown in Fig. 2 , females outnumbered males throughout the year, accounting for 65% of all specimens. The monthly sex ratio ranged from 50% in July 1997 (lowest) to 86% in September 1997 (highest). The sex ratio differed according to fish size; 100% for fish smaller than 40 cm in FL, 66% for those measuring between 50 cm and 100 cm, and 21% for fish larger than 100 cm (Fig. 3) .
Condition factor
The CF of both sexes did not show any significant differences. The CF for females ranged from 0.61 in June to 0.88 in February, whereas it ranged from 0.66 in September to 0.97 in February for males. Condition factors, regardless of sex, peaked during the prespawning season. Males, however, were fatter than females at FL larger than 100 cm (Fig. 4) .
Gonadosomatic index
The GSI showed month-to-month variation (Fig. 4) . Mean GSI of females rose from 1.73 in October and peaked at 5.3 in March, whereas it remained stable and low (0.4-0.7) for males, except during February and March, peaking at 1.2 in February.
Hepatosomatic index
The HSI of both sexes showed slight fluctuations paralleling changes in GSI (Fig. 4) . Mean HSI of females ranged between 1.22 in October and 2.48 in February, whereas that of males varied between 0.86 in September (1997) and 1.87 in February. Liver development related well to gonadal maturation.
Reproduction of the dolphin fish
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785 using a set of calipers, fork length (FL) was measured to the nearest 0.1 cm. Gonads were removed and weighed to the nearest 0.01 g and preserved in 10% formalin solution. Diameters of females exceeding 0.3 mm were measured for each 130 oocytes. Because the analysis of variance of oocyte diameters did not show any differences among various portions of the ovary, we decided to remove a subsample from the medial portion of the right ovary. The tissue obtained was then placed on a glass slide and measured using a grid scale under a Nikon V-12 projector (Nikon, Tokyo, Japan). The maximum oocyte diameter for mature females was obtained by averaging the measurements of at least 50 of the largest oocytes. 13 Then, a piece of tissue weighing 0.05 g containing oocytes larger than 0.3 mm in diameter was removed to estimate fecundity. Gonadosomatic index (GSI; gonad weight/gutted bodyweight), condition factor (CF; gutted bodyweight/FL 3 ), 
C-C Wu et al. Size of oocytes Figure 5 shows year-round changes in oocyte diameter distribution, with two or three peaks at 0.3-1.6 mm. Groups of large-sized oocytes measuring more than 1.0 mm were observed mainly during December and April, decreasing by May.
Oocyte diameter frequency distributions correlated highly with GSI. The oocyte diameter from ovaries with GSI values less than 6.0 was almost always smaller than 1.0 mm, with some exceptions (Fig. 6) . Once the eggs became 1.0 mm or larger in diameter, some of them became transparent and mature, as shown in Fig. 6 . total number of oocytes (T ) and ovary weight (OW ) with a regression of T = 0.2891OW 0.741 (r = 0.907). Following the definition proposed by Kawasaki et al., fecundity is defined as the number of yolky oocytes in a fish's ovaries just prior to the first spawning in a reproduction cycle. 15 Batch fecundity is defined as the number of hydrated oocytes released in one spawning; this is usually determined by counting the number of hydrated oocytes present in the ovary. 16 Matured oocytes
Fecundity
The number of oocytes contained in an ovary of a dolphin fish ranged from 278 413 for females measuring 42.0 cm FL to 2348 463 for females measuring 121.0 cm, with a mean of 1 313 438. Figure 7 demonstrates the relationship between total number of oocytes (T ) and fork length FL (cm) with a regression of T = 9.0 ¥ 10 -5 FL 2.7316 (r = 0.827). Figure 8 demonstrates the relationship between larger than 1.0 mm in diameter accounted for 10-30% of total oocytes in ovaries, and were estimated at 1300-1 122 000 (mean 249 000) in number, for 92 females measuring 50.0-121.0 cm in FL.
Batch fecundity increased with increasing size (Fig. 9) , and a linear relationship also existed between batch fecundity and GSI (Fig. 10) . Relative fecundity, expressed as the number of oocytes per gram gutted bodyweight, was estimated to be 10-344/g bodyweight (mean 111/g bodyweight) and decreased with size (Fig. 11 ).
Size at first maturity
Kagwade, 17 De Silva 18 and Miu et al. 19 determined the average minimal body size at maturation under (November 1996 to June 1997 for females, and November 1996 to May 1997 for males). Size at maturity of both sexes was estimated to be 51 cm FL (Fig. 12) . Minimal size at 100% maturity was 95 cm and 90 cm for females and males, respectively. the condition that the 50% maturity level could be read from a graph. One hundred and six female dolphin fish measuring 45-120 cm FL and 295 males measuring 47-122 cm FL were examined for their maturity state during the maturation period 
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DISCUSSION
Rising sex ratio with increasing size is likely to be a universal phenomenon for the dolphin fish because the same trend was observed off Hatteras, North Carolina, USA. 7 Sex ratio varies with geographical region; for example, 65% sex ratio for dolphin fish off eastern Taiwan is close to 65% around the Virgin Islands 20 and 64% off Kenya, east Africa. 21 A stronger predominance of females was observed in some areas: 80% off east African regions 22 and 71% in Hawaiian waters. 23 The large deviation from the normal 50% sex ratio is probably caused by differences in schooling behavior and migration patterns between sexes. 1, 24 Other causes might be derived from differential mortality, growth, longevity, sex reversal, sexual differences in activity and single-sex migration from The present study shows that seasonal changes in CF, GSI, HSI, egg size and ratio of mature oocytes (Table 2) , and larval occurrence support that the dolphin fish might spawn continuously throughout the year on the east coast, although there is a peak during February-March. This situation is similar to that of the population off Florida, USA where a continuous occurrence of young dolphins have been observed. 14, 20, 32, 33 Nevertheless, duration of the spawning season differs geographically; for example, fish spawned during June and July 34 or May and June 35 in the offshore waters of the Gulf Stream near North Carolina, USA, whereas fish spawned during late May to late August 36 or July and August 37 off southern Japan, and from March to early June in the waters off east Africa. 22 The size of ripe ova may also vary according to the location of the fish's habitat; size ranged 1.0-1.6 mm in diameter off Taiwan, 1.2-1.6 mm off Kyushu, Japan, 38 and 1.4-1.65 mm in laboratory conditions. 3 Although several batches of oocytes could be found in any particular ovary, only hydrated ova larger than 1.0 mm were ready for subsequent ovulation. According to Kawasaki's 38 classification for the maturation-spawning patterns of marine teleosts, the dolphin fish spawns continuously over a long period, releasing the most advanced eggs among multiple-sized groups of oocytes in the ovary.
The dolphin fish grows rapidly throughout its life.
14, 39 Wang estimated a growth rate of 10 cm FL per month for a 1-year-old dolphin fish living off eastern Taiwan. 11 Both sexes reach sexual maturity in their first year of life, 14 but size at maturity differs between sexes geographically; in the Strait of Florida, USA, the female common dolphin begins to mature at approximately 35 cm FL and reaches spawning areas. 25 Different occurrences, seasons, fishing grounds, fishing gears and methods have been reported elsewhere. 25, 26 However, most of the aforementioned explanations are applicable to the present study, except for differences in mortality or longevity. Results of the present study show that sex ratio falls with growth (Fig. 3) , indicating that the female experiences greater mortality or shorter longevity compared to the male. Rose and Hassler demonstrated that the female predominates at age 0 but that the sex ratio becomes reversed after the age of 2 years. 7 This problem is very crucial from the viewpoint of evolutionary ecology and is not discussed here.
Sex ratio may change with fishing season, as revealed by Kojima; 27 the female dolphin fish outnumbers the male during the early part of the fishing season but then numbers decline to equal those of the male when spawning peaks later in the year. The area off Taiwan is unlikely to be a major spawning ground; however, some mature fish with transparent eggs were collected occasionally almost throughout the year from the east coast of Taiwan when some larvae, measuring approximately 2.2 cm FL, were collected. 28 In addition, dolphin fish larvae measuring 3.2-3.5 cm FL and weighing 0.4-0.6 g bodyweight, were sometimes found in the stomachs of conspecific adults during the present study.
Energy required for spawning may be derived from stores in the liver 29 or viscera. 30 Nevertheless, in the present study, CF and HSI showed no clear trends relating to spawning. This species is voracious and has a high feeding activity 1,31 that does not abate throughout the spawning period. Thus, the required energy might be derived from their diet, without the significant use of energy reserves. 100% maturity at a size of 55 cm FL, and the smallest sexually mature male was measured at 42.7 cm, which was larger than the female. In a population off east Africa, both sexes reached maturity at a size smaller than 53.5 cm SL. 21 The smallest mature female observed in the present study was 47 cm FL, reaching 100% maturity at 95 cm FL; whereas the smallest male reached maturity at the same size as the female. On average, minimum size at 50% maturity was 51 cm FL for both sexes. Overall, results indicate that both sexes of dolphin fish commence their first gonadal maturation at age 1 year, but spawning activity peaks at age 2 years. Because of their rapid growth and long spawning season, larvae of female dolphins produced at the beginning of a spawning season may grow to maturity and spawn before the end of the spawning season. Because the waters off Taiwan are not a major spawning ground for dolphin fish and spawning in these waters peaks during February-March, it is most likely that most of the mature individuals come from migratory movement. Young-of-the-year fish may have been born in waters off the Philippines' coast or in equatorial waters during November-January. Their gonads would have then developed and matured before migrating to the waters off Taiwan. When the fish are 5-6-months-old and reach approximately 60 cm FL, they would perform their first spawning.
Results of the present study demonstrated relative fecundity decreased with size. Small females might need to maximize the number of eggs produced because their fecundity is relatively low, whereas large females may be able to sacrifice some fecundity in order to increase the quality of their eggs in terms of size. 40 
